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Numerical simulation on the fast cooling-down process of a
miniature infrared detector module
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(Institute of Refrigeration and Cryogenics, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: With the rapid development of detection technologies, the infrared detectors have gained more
and more applications. The internal structure of a miniature infrared detector for fast cooling —down
process was numerically simulated and analyzed in this paper. The simulating result shows that the thermal
contact resistance has significant effect on the detector module cooling-down process. By adjusting the
contact resistance, the cooling-down time of the detector chip from ambient temperature to 90 K are 4-
10 s. The effects of the initial ambient temperature and the diaphragm surface emissivity show few
influence on the cooling—down process of the chip. While the temperature of the throttling cool head has
a great impact on the cooling-down process. The faster the temperature drops, the shorter the startup
time of the chip. Therefore, the detector can be improved by optimizing the thermal contact resistance
and the throttling cool head, to achieve the higher requirements.
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Fig.1 Schematic diagram of the detector
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Tab.1 Size parameters of the detector module

Diameterl Diameter2 Diameter3 Thickness1 Thickness2
Structure

/mm /mm /mm /mm /mm

Thmtrt]le'zg cool - - 255 0.5
CI';’;igrs‘:l'lco , v 8.9 8.5 0.5 2
Chip 6 - - 0.65 -
Routing layers 12 6 - 0.8 -
Bracket layers 12 8 - 1.5 -
Spectral layers 12 4.6 - 0.4 -

Diaphragm1 12 11 10.7 0.4 9.3

Diaphragm?2 10.7 10.4 7.4 0.2 8.2

&2 B[RS

Tab.2 Detector material parameters

Material Density Cp Thermal conductivity Surface
/g-cm= /kJ- kg™ -K™? /W-em=t. K emissivity
Diaphragm  2.78 0.921 188 0.95-0.98
Bracketand ;6 §.72-0.76 180 -
routing layers
M .
agnetic 0.5 16 _
closure alloy
Chip 2.2 0.7 149 -
Spectral 4 5 0.79 17 0.9-0.95
layers
Throttling 443 055 84 ~
cool head
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Fig.2 Chip temperature curve at type A thermal contact resistance
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Fig.3 Chip temperature curve at type B thermal contact resistance
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Fig.4 Chip temperature curve at type C thermal contact resistance
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Tab.3 Influence of thermal contact resistance on

chip cooling

Thermal contact resistance/ m?- K- W~ Startup time/s

A 0.5x10™* 4
B 1x10* 6.5
C 2x10™* 10
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Tab.4 Influence of initial temperature on chip

cooling
Thermal contact Initial Initial Initial
resistance temperature temperature temperature
/m?-K-W-1 300.15 K 333.15K 338.15 K
A 0.5x10™* 4s 4s 4s
B 1x10* 6s 6.5s 6.5s
C 2x10™* 9.5s 10s 10.5s
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Fig.5 Chip temperature curve at different diaphragm surface emissivity
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Fig.6 Chip temperature curve at cool head line 1
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Fig.7 Chip temperature curve at cool head line 2
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Tab.5 Influence of throttling cool head on chip

cooling
Cool head constant Cool head Cool head
temperature line 1 line 2
Chip startup time/s 6.5 8 7
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